INTRODUCTION
IT has been shown (McAulay and Ford, r) that the nature and distribution of mutations of C&tomium globosum produced by monochromatic ultra-violet irradiation are different for different ranges of wave length. For this and other reasons, it appears that more than one primary absorption is involved in mutation production in this fungus, and that there is some evidence that one of these absorptions takes place in a protein. This result is not in harmony with the majority of experiments described in the literature and it appears desirable to confirm it and make a more detailed investigation than is possible with the very slow experiments that are necessary with the mutants described in the above paper.
It has been shown (Ford, 1948) that lethal colonies are produced by ultra-violet irradiation of Chetomium globosum and because these can be recognised early, it is possible to obtain more data about them than about the macroscopic mutants investigated earlier. In the above paper (Ford, 1948) it is shown that small colonies that do not grow beyond i mm. in diameter are produced by ultra-violet and X-irradiation, and also appear through many generations in the progeny of mutations produced by ultra-violet irradiation. For these and other reasons it is claimed that these lethal colonies can be regarded as mutations, and they have been named by Ford microscopic mutants.
In this paper, experiments are described and curves drawn which show the relationship between the numbers of microscopic mutants produced and dose at several different ultra-violet wave lengths.
The dose mutant production relation has been studied in more detail at one wave length (2804 A.U.), and additional experiments made to see if there were any variation with intensity of radiation. An estimate has been made of the number of quantum hits necessary to produce a microscopic mutant, and on the assumption that mutation is brought about by quantum absorption in a sensitive spot an estimate has been made of the absorption coefficient at different wave lengths of the radiation in this spot. The arrangement used for irradiation is similar to that described by McAulay and Ford (i4i) . For the experiments in this paper the Huger (D 33) monochromator was used almost exclusively.
The radiant energy incident on the sensitive spot is, of course, different from the energy incident on the spore as measured by the thermopile. It is evidently of importance to obtain as much informaFio. r.-Percentage of the incident energy transmitted through half the spore given by experiments using a layer of spores.
tion as possible about the absorption in the spore. This is important, not only because of the absolute magnitudes involved, but because the shape of the reciprocal dose-wave length curve may depend on this quantity.
This was pointed out in the paper (McAulay and Ford, '947) where it was shown that in an extreme case the reciprocal dose-wave length curve characteristic of nucleic acid might appear from the thermopile measurements, uncorrected for absorption, to resemble a curve characteristic of protein absorption.
Two methods were used to measure ultra-violet absorption in the spores. In both the absorption was found by comparing the relative
iii times required for a given film blackening, in one case through spores, in the other case by direct irradiation. The blackening was determined photoelectrically, using a microscope to enlarge a small area of film to a suitable working size.
As no quartz microscope lenses were available in the laboratory, the method at first used had to depend on absorption in a layer of spores. These were spread behind a pinhole 250 j in diameter.
Results obtained in this way showed an absorption curve giving a transmission band in the neighbourhood of 2804 A.U. There was not sufficient difference, however, between the radiation transmitted at 2804 A.U. and at neighbouring wave lengths to affect greatly the form of the curve which would be obtained if direct thermopile readings had been taken as giving energy incident on the sensitive spot.
Some months ago Mr Matthei of the Science Faculty Workshops, University of Melbourne, kindly lent us a set of quartz microscope optics and it has been possible to make absorption measurements directly on the image of a spore.
As the investigation proceeded it became evident that many unexpected sources of uncertainty are present in measurements at high magnification of absorption in the material of the spore, and a reliable result from experiments with single spores is not in sight.
However, measurements on single spores confirm generally the results obtained with a layer of spores. Fig. i shows the percentage of the incident energy transmitted through half the spore given by experiments using a layer of spores.
It should be noted that even if completely satisfactory absorption measurements can be made, the energy incident on the sensitive spot is still in doubt as the distribution of the absorbing material in the spore and the position of the sensitive spot are both involved, and in present conditions determination of these points is not in sight. RELATION 
BETWEEN NUMBERS OF MUTANTS AND DOSE AT
DIFFERENT WAVE LENGTHS. TWO HIT MECHANISM Fig. 2 gives the relation between percentage of microscopic mutants produced by growing irradiated spores and the dose with which they were irradiated measured by the thermopile. Fig. a records the data for wave lengths 2482, 2654, 2804, 2967, and 3025 A.U. for which the best data is available. Fig. 2b shows on a different scale (in the case of 3656 the dose scale is 500 times that on fig. 2a ) corresponding data for the longer wave lengths 3132, 3656 A.U. and dose was made at the wave length 2804 A.U. than at other wave lengths. The object was to obtain evidence about the number of hits on a sensitive spot required to produce the microscopic mutants. Fig. 3 shows the curve obtained experimentally compared with the doses required to produce between, say 20 per cent. and 30 per cent. mutations being averaged and plotted against 25 per cent. mutation. This treatment enables the standard deviation to be plotted. The standard deviation at each point is shown in the curve by the vertical line. The critical point at 5 per cent. mutations has a very small standard deviation as 400 colonies were grown at small dosage because of the importance of this part of the curve. Table 2 ...
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lists results exhibited in fig. 3 , and shows, p, the percentage of microscope mutants, n, the number of spores from which the mutants were obtained, (pq/n) the standard deviation, in which q is ioo -p, and in the last column the average dose required to produce the mutants. It is seen that the experimental results are consistent with a two hit mechanism. The effect of variable depth of the absorbing sensitive spot would be to make the number of hits appear smaller than is actually the case. It is not considered that the data for other wave lengths justifies any definite conclusion, but it may be noted that except for the case of 3656 A.U. which suggests a single hit mechanism the curves are consistent with a two hit mechanism. EFFECT 
OF INTENSITY
Some experiments were made at the ultra-violet wave length 2804 A.U. to test the effect of dose-rate. It was noted that over a zo: x range of intensity about the region normally used for irradiation no noticeable change in effect occurred. A few experiments were made over a 200 i range of intensity, and the change in effectiveness was less than 2 : z over this dose-rate. The indication is that very small intensities and very high intensities are more effective than the mid-range, but points are too few and too scattered to say anything definite here. wave length. Curve B gives the reciprocal dose corrected for absorption in the material of the spore, and is intended to give rough figures for the reciprocal dose at the sensitive spot, absorption in which gives rise to mutations. It must be realised that the data for the corrections which give curve B from curve A is extremely suspect. It assumes that the sensitive spot is in the middle of the spore, and produces the same effect at different wave lengths, the reciprocal dose i/I will be proportional to the absorption coefficient p. of the sensitive region.
It will be seen that the result is similar to that obtained with and Ford, 1947) and that, as pointed out in the earlier paper, the curve with these general characteristics is much more consistent with a process of absorption in a protein than in nucleic acid. The results in the present paper are on a firmer foundation than those given in McAulay and Ford (igç7) as they are based on complete dose-mutant production curves at different wave lengths (see table x ).
In fig. 5 , two reciprocal dose-wave length curves are plotted, the dose being shown on a logarithmic scale; A is taken from a paper by McAulay and Taylor (1939) and gives results for killing spores of Chtvtomium globosum while curve B is curve 4A plotted for comparison on the same scale. The similar form of the two curves suggests strongly that the same absorption process is responsible for killing as for the production of microscopic mutants.
The absolute value of dose in curve A may be greatly in error as when these experiments were made no satisfactory method was available for calibrating the thermopile and a low temperature Leslie cube was used. The interest of the comparison, however, lies in the form of the curve and not in absolute values.
QUANTUM ABSORPTION IN THE SENSITIVE SPOT AND

ABSORPTION COEFFICIENT
If the view is taken that energy is absorbed from the ultra-violet radiation to produce microscopic mutants in a sensitive spot of volume, v, and absorption coefficient ji, curve B fig. 4 enables a value to be found for the product jiv.
The relation between v, A (the wave length of the radiation absorbed) and I the energy density in the neighbourhood of the sensitive spot when 50 per cent. microscopic mutants are produced, is given by •6 hc IA for a two quantum hit mechanism. Taking values of I corrected for absorption in the material of the spore as given in fig. 4 
